Background-Skeletonized harvesting of the internal thoracic artery (ITA) decreases the severity of sternal devascularization, thus reducing the risk of postoperative sternal complications in patients undergoing bilateral ITA grafting.
nying endothoracic fascia. 4 -6 Harvesting is relatively quick because cautery is used to separate the pedicle from the chest wall. However, cauterization damages the blood supply to the sternum, which in turn impedes sternal healing and exposes the sternum to the risks of early dehiscence and infection in operations involving both ITAs. The risk of sternal infection is particularly high in patients with preoperatively limited sternal blood supply such as the elderly and those with diabetes mellitus. 7, 8 In an effort to reduce the risk of sternal infection, a surgical technique was developed in which the ITA is dissected as a skeletonized vessel. 9, 10 The skeletonized artery is isolated gently with scissors and silver clips without cauterization. Skeletonized ITA dissection leaves the vein, muscle, and accompanying tissue in place. The advantages are that the dissected ITA is longer and that its spontaneous blood flow is greater than that of the pedicled ITA, 11 allowing the use of both ITAs as grafts to all necessary coronary vessels.
Harvesting the ITA as a skeletonized artery preserves the collateral blood supply to the sternum, enabling more rapid healing and a lower risk of infection. 9 In a previous study describing our experience with 545 patients, we showed that the use of skeletonized BITAs was not associated with an increased risk of sternal infection. 12 Increased risk of sternal infection in this preliminary report 12 was noted only in emergency cases or in patients with chronic obstructive pulmonary disease (COPD). More recent reports have described early and midterm results of the routine use of the skeletonized BITA grafting as the preferred revascularization procedure in our center between 1996 and 1999. These reports suggest that this surgical approach is safe, with a sternal infection rate comparable to that reported with a single ITA. 13, 14 Most studies reporting results of BITA grafting include preselected patients operated on over a relatively long period. [3] [4] [5] Most patients in these series were not diabetic; they were preselected for this procedure according to their life expectancy; and only a few of them were Ͼ70 years of age when offered the option of BITA grafting. Unlike those series, in this series, we describe results in a nonselected group of patients. Complete arterial grafting with BITAs was the preferred method of myocardial revascularization for all ages during the 6-year study period. BITA grafting was performed in 58% of the patients referred for coronary artery bypass grafting (CABG) during this time period, and Ͼ40% of them were Ն70 years of age.
The purpose of the present report is to describe a larger series with longer follow-up compared with our previous reports. Part of this cohort of the first 1000 patients was described in our previous reports. 13 We therefore expect this cohort to better reflect the advantages of BITA grafting and to define predictors of long-term survival more precisely.
Methods
From 1996 to 2001, 1515 consecutive patients underwent myocardial revascularization with BITAs that were dissected as skeletonized arteries. 15 BITAs made up 58% of the 2612 isolated CABG procedures performed in the Tel Aviv Sourasky Medical Center during this time.
Surgical Technique
Operations were performed with standard cardiopulmonary bypass (CPB) or off-pump coronary artery bypass. Myocardial preservation during CPB involved intermittent, antegrade, or retrograde blood cardioplegia (30°C to 32°C). Coronary stabilization during off-pump coronary artery bypass was facilitated by use of CTS stabilizers (Guidant, Curpentino, Calif) or the Octopus system (Medtronic, Minneapolis, Minn). ITAs were mobilized from the chest wall as skeletonized vessels. In all cases, BITAs were used to graft the left coronary system, ie, the myocardial territory supplied by the LAD and left circumflex arteries. Two arrangements were implemented: a free right ITA (RITA) attached proximally end to side on the LITA in a T-graft configuration ( Figure 1A) and an in situ BITA with an anteaortic crossover RITA ( Figure 1B ). The choice of configuration was determined by previously detailed technical considerations. 15, 16 We prefer to use BITAs as in situ grafts for myocardial revascularization. The 2 ITAs, combined with a right gastroepiploic artery, SVG, or radial artery, provide 3 sources of blood supply. When the right coronary artery (RCA) system is unsuitable for arterial grafting such as in cases with a potential for high competitive flow in the RCA, we select the SVG as the conduit for revascularization of the RCA. We believe that more blood sources are associated with an improved long-term outcome. The cross arrangement ( Figure 1B) is based on the assumption that the patency rate of the in situ RITA on the LAD coronary artery is similar to that of the in situ LITA on the LAD. 17 We do not use the cross technique in patients who have a short RITA, a very long ascending aorta, an enlarged right ventricle, or an LAD anastomotic site that is too distal or unpredictable. In most of the reported cases (1003 of the 1515 patients), we used the composite arterial grafting technique. The composite graft can be prepared before the patient is connected to CPB or before the first anastomosis (LAD) is constructed in off-pump coronary artery bypass cases. Most of the composite grafts included end-to-side anastomosis of the free RITA on an in situ LITA ( Figure 1A ). The free RITA can sometimes reach the anastomotic site of the RCA (posterolateral or patent ductus arteriosus). However, in most patients who required sequential anastomoses, the RITA was not long enough to reach the posterior descending artery, and we preferred using a third conduit (right gastroepiploic artery, SVG, or radial artery).
The type of conduit selected for RCA grafting was not related to the configuration of the ITAs. Our strategy was to use RITAs, right gastroepiploic arteries, and radial arteries as grafts to the RCA branches only in the presence of a significant stenosis (ie, Ͼ80%). 18 To decrease the risk of spasm of the arterial grafts, we treated all of our patients with a high-dose intravenous infusion of isosorbide dinitrate (Isoket, Schwarz Pharma AG, Monheim, Germany; 4 to 20 mg/h) during the first 48 hours postoperatively. Calcium channel blockers (diltiazem 90 to 180 mg/d orally) were given to patients operated on using the right gastroepiploic artery or radial artery from the second postoperative day for at least 3 months. 15
Definition of Terms and Data Collection
Patient data were collected retrospectively and analyzed according to the Society of Thoracic Surgeons National Cardiac Surgery database guidelines and definitions. A perioperative myocardial infarction was defined by the appearance of new Q waves in the ECG associated with elevated levels of creatine phosphokinase-MB fraction Ͼ50 U/L. A cerebrovascular accident was defined as a new permanent neurological deficit and computed tomographic evidence of cerebral infarction. Chronic renal failure was diagnosed if the creatinine level exceeded 1.8. Our definition of "emergency operation" is based on Society of Thoracic Surgeons guidelines and includes patients with ongoing angina, failed percutaneous transluminal coronary angioplasty, acute evolving myocardial infarction, pulmonary edema, and cardiogenic shock. For patients who needed emergency surgery and were not stabilized after intraaortic balloon counterpulsation, we usually used 1 ITA combined with SVGs. Deep sternal infection was defined as the sum of deep infection and late dehiscence requiring sternectomy.
Follow-up was obtained after institutional board approval and patients' consent by a telephone questionnaire and the national registry database. Follow-up was 100% complete.
Statistical Analysis
Data are expressed as meanϮSD or as a proportion. The 2 test and 2-sample t tests were used to compare discrete and continuous variables, respectively. Multivariable logistic regression analysis was used to predict early mortality, sternal infection, and stroke by various risk factors. The odds ratios (ORs) and 95% confidence intervals (CIs) are given. The Cox proportional-hazards model was used to evaluate the influence of preoperative variables, operative data, and early major postoperative complications on late and overall mortality. The Cox model also was used to compare adjusted survival between the various age groups after controlling for differences between groups in preoperative and operative characteristics. Results of Cox analysis are expressed as hazard ratios and 95% CI. Postoperative survival also is expressed by the Kaplan-Meier method, and survival curves were compared by the log-rank test. All analyses were performed with SPSS 14 software (SPSS Inc, Chicago, Ill).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
The patients' preoperative and operative characteristics are presented in Tables 1 and 2 . The mean number of grafts per patient was 3.1. Three hundred fifty-nine patients (23.6%) were operated on without CPB. The average CPB time for patients operated on with CPB was 83.9Ϯ27 minutes, and aortic cross-clamping time was 70.8Ϯ21 minutes. Data describing the technical aspects of the operative procedures performed are given in Table 2 .
Operative mortality (30 days postoperatively) in the cohort of 1515 consecutive BITA patients was 2.8%. Mortality of intraaortic balloon pump-supported patients was 10.7% (8 of 75; PϽ0.001), and that of patients with COPD was 9.8% (8 of 82) ( Table 3 ). Multivariable analysis ( Table 4 ) revealed significantly increased operative mortality in emergency, COPD, and elderly patients and in patients referred to CABG with preoperative congestive heart failure. Reduced operative mortality was noted among BITA patients in whom right system revascularization was performed with an SVG. Sixteen perioperative infarcts occurred, and the occurrence of perioperative myocardial infarction was associated with increased operative (30-day) mortality (PϽ0.001). Sternal wound infection occurred in 24 patients (1.6%), and the mortality rate for patients with mediastinitis was 29% (7 of 24). Increased risk of sternal infection was found among patients with COPD (8 of 82, 9.8%), repeat operations (3 of 26, 11.5%), insulin-dependent diabetes mellitus (2 of 34, 5.9%), and non-insulin-dependent diabetes mellitus (14 of 485, 2.9%). These preoperative patient characteristics also were found to be independent predictors for deep sternal infection in multivariable logistic regression analysis (Table  4 ). Forty-five patients sustained postoperative stroke. Independent predictors of postoperative strokes were peripheral vascular disease, left main disease, old age, and non-insulindependent diabetes mellitus (Table 4) .
Follow-up between 60 and 141 months postoperatively revealed 305 late deaths. Ten-year actuarial survival (Kaplan-Meier) was 76Ϯ1%. Long-term survival of patients with composite T grafts was similar to that of patients with in situ grafts (Kaplan-Meier 10-year survival, 75Ϯ1% versus 78.5Ϯ2%). Ten-year survival rates of patients Յ55, 55 to 64, 65 to 74, and Ն75 years of age were 92.3Ϯ1.8%, 83.4Ϯ2%, 74.7Ϯ1.9%, and 52.1Ϯ3.4%, respectively.
The relation between preoperative and operative patient characteristics and "crude" overall mortality rate estimates (ie, the number of dead divided by the total number of patients in the subgroup) is demonstrated in Tables 1 and 2. Cox-adjusted overall (early and late) survival for the different age groups of patients is demonstrated in Figure 2 . Adjusted 10-year survival of patients Ͻ60 years of age is Ͼ90%. Significantly lower survival was noted in patients Ͼ75 years of age.
Cox analysis of overall (early and late) mortality (Table 5 ) showed age, non-insulin-dependent diabetes mellitus, ejection fraction Յ25%, congestive heart failure, chronic renal failure, COPD, peripheral vascular disease, emergency operation, and old myocardial infarction to be associated with increased late and overall mortality. Operations performed without CPB were associated with better long-term survival. Postoperative coronary angiography performed in 252 patients (most of them symptomatic) revealed an ITA patency rate of 90.8%.
Discussion
This report describes early and long-term results of skeletonized BITA grafting. The cohort evaluated includes patients typical of an urban population (relatively older), and this technique was used in most of the patients (58%) who underwent CABG in our institution over the 6-year study period. In the early years (1996 to 1997) of our experience, the only contraindications for use of ITA grafts were emergency operations with hemodynamic instability requiring rapid connection to CPB. After careful analysis of our initial results, 19 COPD patients, diabetic females, and obese diabetics were added as absolute contraindications because of an increased risk of sternal infection in these subgroups. The immediate operative results in these early reports were comparable to those described in procedures in which 1 ITA was used. 20 Later retrospective analyses of a larger cohort of BITA patients, including patients operated on during our early experience, 13, 14 confer significant clinical approval of the basic assumption about the skeletonized ITA technique: It probably causes less damage to the sternal blood flow, 7, 21, 22 and therefore the rates of sternal infections and complications are low and not significantly different from those reported by others. 23 As in our recently published report defining independent predictors for sternal wound infection in 1000 BITA patients, we found in the present report that repeat operations, chronic lung disease, and diabetes mellitus are the major risk factors for deep sternal infection. 14 Explanations for the latter findings in patients with chronic lung disease might include high suture line pressure or collagen abnormalities described in smokers. 24 Despite a relatively small number of repeat operations in our report, we observed a surprisingly high incidence of deep sternal wound infections in the subset of patients undergoing repeat operation. This may be related to a decreased blood supply to the healing zone of a sternum undergoing resternotomy, but a definitive scientific explanation for the increased occurrence of sternal infection in redo procedures incorporating 2 skeletonized ITAs does not exist.
Diabetes mellitus is generally considered to be a major risk factor for sternal complications, especially when bilateral internal mammary artery grafting is used. The risk in these circumstances was estimated to be 5 times greater than in other patients. 25 We found no evidence of this relationship in patients who received BITAs harvested as skeletonized vessels. Our results are even more definitive, considering the fact that 34% of our patients had diabetes mellitus.
No difference was found in the occurrence of deep sternal wound infection among female and elderly patients compared with those without these risk factors. In a previous study, we showed that Increased risk of infection among diabetic patients was noted only among obese patients (8.3% versus 1.1% in nonobese patients; Pϭ0.03), especially obese females (15% versus 1.4% in diabetics without these risk factors; Pϭ0.001). 19 In another study, the occurrence of sternal infection among insulin-treated patients with BITA was similar to that of insulin-treated patients with a single ITA (4% versus 2.7%; Pϭ1.00). On the other hand, they had significantly lower rates of leg infection in the SVG harvesting site (0% versus 24%; Pϭ0.000). 26 Unlike the results of this early report, in our present report with a larger number of patients, insulin-treated diabetes emerged as an independent predictor of sternal infection. In a later report comparing BITA with single ITA grafting in an orally treated subset of diabetics, early outcome of BITA and single ITA was comparable, including the incidence of deep sternal infections (1.8% in both groups). During follow-up (range, 4 to 7.5 years; median, 5 years), fewer repeat revascularizations (4.4% versus 12.3%; Pϭ0.025) were performed in the BITA group, and major adverse cardiac events also declined (11.2% versus 36.8%; PϽ0.0001). At 7 years, survival (Kaplan-Meier) (75% versus 59%; Pϭ0.006, log-rank test), freedom from cardiac mortality (92% versus 68%; PϽ0.0001), and freedom from major adverse cardiac events (70% versus 59%; Pϭ0.004) were superior in the BITA group. Multivariate analysis identified the use of BITA as a protective factor against the occurrence of late cardiac mortality (OR, 0.2; 95% CI, 0.06 to 0.6) and major adverse cardiac events (OR, 0.3; 95% CI, 0.1 to 0.66). 27 In our opinion, these better long-term results compared with CABG with a single ITA justified selective referral (excluding obese and female diabetics) of diabetics for skeletonized BITA grafting despite slightly but significantly increased risks of sternal infection, stroke, and late mortality.
Our study clearly defines 3 subgroups of patients with increased operative and overall (early and late) mortality. Patients with peripheral vascular disease and diabetes probably have a diffuse and advanced form of atherosclerotic involvement of the heart and peripheral vessels. This may explain in part their unfavorable late results. 13, 28 The increased early and overall mortality in the subset of patients with COPD is related in part to the increased early mortality observed in COPD patients who underwent sternectomy for sternal infection. An interesting subgroup of the above cohort was the elderly patients. Six-hundred forty-one patients were Ͼ70 years of age (70 to 92 years of age). Three hundred ten of them (20.5%) were Ͼ75 years of age. Ten-year actuarial survival of patients Ͼ75 years of age was 52%, and age Ͼ75 years was found to be an independent predictor (Cox model) for overall (early plus late) mortality.
Assessing the late survival of elderly patients undergoing CABG with 2 ITAs requires comparisons with an agematched population undergoing operation with a single ITA or percutaneous interventions. Such comparisons are the subject of planned future studies.
The use of BITAs in the elderly is controversial. He et al 8 reported an operative mortality of 24% in elderly patients (Ն70 years of age) who underwent BITA. Moreover, use of BITAs in the older patients in their report was found to be a major risk factor for operative mortality because mortality in the patients receiving 1 ITA was only 6.8% (PϽ0.007). It is important to note that the ITA in their report was used as a pedicled conduit, and as the authors stated, the fact that only 4% of the patients were grafted with BITAs might have explained the higher operative mortality and increased use of postoperative intraaortic balloon pump (16.2% versus 5.9%; PϽ0.015).
In the study by Lytle and Loop, 3 the number of patients Ͼ60 years of age operated on with BITA was relatively small; however, BITA grafting improved survival of this subset of middle-aged and older patients compared with patients Ͼ60 years of age with a single ITA graft.
The only large series (1467 patients) comparing BITA with a single ITA in the elderly was reported by Galbut et al. 24 In this study, patients with BITAs had lower hospital mortality rates (3.1%) compared with patients with a single ITA (6.4%), and the late survival rate (mean follow-up, 43 months) was also better (69.7% versus 60.7%).
Little information is available in the literature about longterm results of BITA grafting without CPB. In a large series of 1802 skeletonized BITA patients, mid-term (42 months) mortality, cardiac mortality, reinterventions, and cardiac events were not significantly different between patients operated on with and without CPB. 29 In patients with atheromatous disease of the aorta (3000 patients propensity matched to 3000 conventional CPB patients), off-pump operations were associated with reduced risk of stroke and death. 30 The use of BITA grafting without aortic clamping can eliminate almost completely the risk of stroke in this subset of CABG patients with atheromatous disease of the aorta. 31, 32 Our report is the first to show that avoiding CPB during BITA grafting is an independent predictor of better long-term survival.
Study Limitations
This is a retrospective cohort study, and several potential advantages of the BITA grafting technique could not be illustrated without a comparison of the mortality and morbidity with those of single ITA to the LAD (skeletonized and nonskeletonized) and SVG of other myocardial territories. Important patient data variables (eg, obesity and body mass index Ն30 kg/m 2 ) were not evaluated because of incomplete information on patient height and weight.
Conclusions
Routine use of skeletonized BITA for left-sided arterial grafting seems to be a safe technique for patients undergoing CABG, in terms of not only early and long-term mortality but also morbidity, especially sternal infection. Long-term results are better for BITA patients operated on without CPB. However, in patients with chronic lung disease, those with repeat operations, and obese and female diabetic patients, the risk of sternal infection is still unacceptably high; for them, we advocate the use of a single ITA plus SVGs instead of BITAs.
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